This study evaluated the concentration profiles of regulated and unregulated pollutants emitted from a stationary diesel engine cycle, operating at the speed of 1800 rpm and 0% load, using biofuels and binary blends. The experimental test considered fuel burning time on three different periods and storage times. The operation of the engine when it is still cold, for example at 15 minutes, showed negative effect on particulate matter (PM), benzene and ethylbenzene emissions in pure soybean biodiesel (B100) compared to the blend of diesel with 5% biodiesel (B5). Regarding to the concentration of mono aromatics, aliphatic hydrocarbons and polycyclic aromatic hydrocarbons (PAH), this study showed similar results to those reported in the literature, where B5 fuel emits more pollutants than pure biodiesel. However, comparing some pollutants individually, benzene and ethylbenzene emissions were higher for B100 and pure soybean biodiesel with butil-hydroxyanisol additive (B100 Adt). The B5 showed the highest concentration profile for the PAH sum in the gaseous and particulate phases in longer engine operation periods.
Introduction
Energy has been the basis for the development of the civilizations and its demand has increased significantly throughout History. Currently, the main type of energy consumed in the world is originated from nonrenewable sources, from which many pollutants can be generated. Therefore, the current challenge aims to reduce impacts caused by global warming and the search for alternative energy sources. 1 In academic and political centers, discussions involving the topics "air quality" and "pollution sources" draw particular attention in the effort to reverse the critical degradation of air quality caused by the socioeconomic development in recent decades. 2 Thus, it already seems to be a global consensus the need for the improvement and efficient distribution of preventive and corrective measures.
Several factors threaten air quality. Among them, are the emissions originated from vehicles, which directly and indirectly affect the composition of the air, resulting in damages to the flora, fauna and human health. 3 There is a global tendency to reduce the use of petroleum-derived fuels and thus it increases the demand for a fuel renewable. The bioenergy commercialization created an efficient way to solve the problem of petroleum shortage and its negative influence on the environment. 4 Biodiesel is a biodegradable fuel produced from renewable sources, to full or partially replace fossil fuels. Despite having many advantages, this biofuel has some properties that need improvement, such as, higher density, surface tension, viscosity and lower power. 5 These characteristics can influence the combustion processes and hence the pollutant emissions. Other factors that cannot be neglected to evaluate the effects of biodiesel pollutant emissions are engine characteristics, operation conditions and the biofuels synthesis route.
In the literature, it is known that various authors reported emission decrease of particulate matter using biofuels. [7] [8] [9] Though a small number of authors do not find any significant difference between diesel (B0) and pure biodiesel (B100) and there are others that have found smaller emissions for diesel than biodiesel. [10] [11] [12] On the other hand, studies about pollutant emissions reduction for oxidized biofuels or mixed ones are scarce. Monyem and Van Gerpen 13 noted that oxidized biodiesel emitted less carbon monoxide and hydrocarbons than unoxidized biodiesel. Bakeas et al. 14 observed increases in emissions of polycyclic aromatic hydrocarbons (PAH) from motor working with binary mixtures of diesel and biodiesel oxidized and attributed this increase to the fuel quality. Based on these results, there is still much to be studied and evaluated. 15 Particulate matter (PM) concentrations can be influenced by soluble organic fraction (SOF) because high amount of unburned fuel coming out of the engine exhaust. A study conducted in 2011 16 found that in a condition of no load, SOF was higher for B100 than for diesel. In this case, the particles consisted of an organic product, mainly benzene and soot.
Organic compounds, such as benzene, toluene, ethylbenzene, o-xylene, m-xylene and p-xylene (BTEX) have been identified as carcinogens and mutagens. 9 In general, the emissions of BTEX decreased with the increase of biodiesel content in the diesel/biodiesel blend because aromatics are virtually absent in biofuel. However, some studies showed that the profiles of vehicle emissions of these pollutants are influenced by engine operation conditions (i.e., load, speed, and ignition temperature), quality and type of fuel. 15, 17, 18 PAH have been subject of great interest due to its health risks. The emissions impact of these compounds using biodiesel are also questioned in the literature and the reports are not very consistent. 15 Several authors have reported PAH reductions with the use of biofuel, but these findings are associated to the type and engine operation conditions. 15 Some authors had not observed significant differences in PAH emissions associated with biodiesel. 19 However, the particulate PAH emissions, which have more implications to adverse health effects, were almost unchanged and did not show significant reduction.
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A strong trend towards higher PAH emissions was observed with oxidized frying oil biodiesel blends. Diesel containing 30, 50, and 80% biodiesel presented higher PAH content of 15, 21, and 40%, respectively, than pure diesel. 14 To establish new air quality standards based on a renewable energy matrix, as in the case of biodiesel, it is essential to know the gases, volatiles and the particle concentration levels emitted by combustion processes of vehicular engines, as well as their chemical compositions. Several countries have environmental legislation for emission control of certain pollutants, the so-called regulated pollutants, such as carbon monoxide (CO), particulate matter (PM), nitrogen oxides (NO x ), ozone (O 3 ), and total hydrocarbons (HCT). However, some authors included in their research unregulated pollutants, such as aldehydes, BTEX, and PAH. 5, 6 This study presents the concentration profiles of regulated (PM) and unregulated pollutants (BTEX, aliphatic hydrocarbons, PAH, aldehydes and metals) associated to emissions of a diesel cycle engine used in stationary mode. The engine worked with biofuels: pure soybean biodiesel (B100), soybean biodiesel additivated with butyl-hydroxyanisole (B100 Adt) and a binary mixture of fossil diesel with 5% biodiesel (commercial diesel, B5). The concentration profiles were compared before and after the accelerated oxidation process of the fuel during storage in an oven at 40 °C at different periods.
Experimental

Sampling
Pure soybean biodiesel (B100) and soybean biodiesel with butyl-hydroxyanisol (BHT) additive (B100 Adt) were provided by the Strategic Technologies Center of the Northeast (CETENE), in the Pernambuco State, Brazil. Commercial diesel, i.e., fossil diesel 95 and 5% biodiesel (B5), was collected at fuel distribution stations in the João Pessoa city, Paraiba State, Brazil.
The emissions of fuels B5, B100, and B100 Adt were evaluated regarding to the oxidation processes. Therefore, the fuels were stored in an oven at 40 °C for different periods (T1: seven days; T2: fourteen days; and T3: twenty-one days). This study was carried out in the Northeast region of Brazil where 40 °C is an easily reached temperature, especially in summer. These emissions were collected with a sampling time of 30 minutes. The samples not stored in an oven were labeled as T0. The emissions were evaluated during engine operation period in the sampling times of 15, 30, and 60 minutes referred as B100/15, B100 Adt/15, B5/15, B100/30, B100 Adt/30, B5/30, B100/60, B100 Adt/60 and B5/60.
The combustion products were originated from a stationary engine of the diesel cycle: with a single-cylinder of 10 HP coupled to a generator (Toyama, T6000 CXE3 Model, São Paulo, Brazil), with speed of 1800 rpm, 0% load, and 60 Hz. Vol. 28, No. 4, 2017 The sampling system is an acrylic chamber with 8.0 mm of thickness and measuring approximately 1 m 3 . This box is transparent with a mobile lid for easy handling of samples. The chamber was designed with holes at the top (lid), to insert sensors, filters and cartridges, and in the lower side, for emissions entry from the engine. The connection between the motor and the chamber was made with PVC pipe (Figure 1 ). The chamber was designed to collect emissions without contamination of the external environment and not dilute samples. The sampling system also contained a "manifold" (glass tube with four side outlets) vacuum pump for air suction, flowmeters, sensors (temperature and humidity), filters, and cartridges for samples. The filters and cartridges were connected to a vacuum pump by silicone tubes and connected to flowmeters. 21 The sensors performed measures in real time during the burning fuel. All samples were collected under the same engine operation conditions, in triplicates.
Particulate matter samples were collected in polycarbonate filters of 0.4 µm pore and 37 mm diameter (Millipore, Model 03700 HTTP, Belford, MA, USA) with a flow rate of 10 L min 
Chemical analysis
Particulate matter was determined by gravimetric analysis. Filters containing PM were conditioned in a desiccator with 80% glycerol solution (v/v) for at least 24 hours. They were weighed before and after sampling in an analytical balance (Mettler Toledo, Model 205 XP, Barueri, SP, Brazil), with 0.00001 g accuracy. 21 For desorption of the analytes, the activated charcoal cartridges and XAD-2 containing the adsorbent material were broken at the ends with the aid of suitable pliers and the adsorbent was transferred to a 2.0 mL glass vial properly identified. To avoid losses, the vials were immediately sealed and placed in an ice bath. The volume of 1.5 mL of dichloromethane 99.9% (Tedia, Rio de Janeiro, RJ, Brazil) was slowly added in an ice bath with the aid of a 2.0 mL syringe.
BTEX were determined by gas chromatography with flame ionization detection (GC- 
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The aliphatic hydrocarbons (n-C10 to n-C30) were determined by GC-FID (Agilent Technologies, Model Hewlett-Packard 5890, Series II, Palo Alto, CA, USA). To separate the analytes, a HP-VOC column, 100% methylpolysiloxane (60 m × 0.2 mm × 1.12 µm df) was used with an injector temperature of 260 °C and detector at 290 °C. A heating ramp was programmed with a starting temperature of 40 °C: 3 °C min -1 up to 280 °C. The carrier gas was H 2 and the injection volume 1.0 µL. The standard solutions were prepared from a mixture of hydrocarbons n-C10 to n-C30 (TRPH Standard, Lot No.: CG2870 500 ± 2.5 µg mL -1 , Tedia, Rio de Janeiro, RJ, Brazil). The internal standard was a deuterated toluene solution D8 (99.6% Tedia, Rio de Janeiro, RJ, Brazil) prepared at a concentration of 100 µg mL . 22 The aldehydes were determined by high-performance liquid chromatography (HPLC, Agilent Technologies, model 1100 Series, Palo Alto, CA, USA) with diode array detector (DAD, G1315B). The chromatographic separation was performed using Zorbax Eclipse XDB column . To carry out the extraction of these analytes, the adsorbent material was transferred to an 8.0 mL glass vial and 5.0 mL of acetonitrile (HPLC grade Tedia, Rio de Janeiro, RJ, Brazil) was added. Then, the vials were put in an ultrasonic bath for 30 minutes. The mobile phase was water/acetonitrile and the injection volume was 10 µL. The method for determining formaldehyde and acetaldehyde was adapted from Corrêa and Arbilla. 23 PAH associated to the PM, emitted in the gas phase, were determined by gas chromatography coupled to mass spectrometry (GC-MS, MS-Thermo Scientific Model ITQ-Ion Trap; GC: Thermo Finnigan, Model Trace GC). For the determination of the PAH associated to the PM, the filters were extracted with dichloromethane in an ultrasonic bath (UNIQUE, Model USC 1400, Indaiatuba, SP, Brazil), as reported by USEPA (Method 3550B, 1996). 22 The method for extraction of PAH was adapted from Corrêa and Arbilla. 22 PAH in the gaseous phase were analyzed from extracts of XAD-2 cartridges, which were also extracted with dichloromethane. The column was a DB5 (30 m × 0.25 mm × 0.25 µm) and the injector temperature was 290 °C. The heating ramp was programmed at 50 °C for 5 minutes; 5 °C min -1 up to 80 °C, 6 °C min -1 from 80 °C up to 280 °C and 280 °C for 25 minutes. Injection volume was 1.4 µL and the carrier gas was He. The equipment was calibrated using a standard mixture containing 16 PAH and deuterated internal standards (naphthalene-D8, acenaphthene-D10, phenanthrene-D10, chrysene-D12, and perylene-D12) with concentrations of 100.0 ng mL -1 . The concentrations of the analytical curve varied from 2.0 to 200.0 ng mL -1 . The analytical protocol used was based on EPA-8270D method.
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Metals associated to the PM and metals in the fuels (B5, B100 and B100 Adt) were analyzed by inductively coupled plasma mass spectrometry (ICP-MS, PerkinElmer/ Sciex, Model Nex Ion 300 X, Norwalk, CT, USA). The operation conditions were: ICP power 1200 W; argon plasma flow rate of 17.00 L min ; argon nebulizer flow rate of 1.02 L min -1 . Filters containing PM were extracted with 3.00 mL of bidistilled nitric acid, digested for 2 hours at 95 °C and cooled to 20-25 °C. 25 Then, the extracts were centrifuged to separate insoluble particles and diluted with ultrapure water. The metals quantified in the extracts were Al, V, Cr, Mn, Fe, Ni, Cu, Zn, Ga, Cd, Sb, Pb, Ti, Ba, Na, Mg, Ca, Co, and K. Calibration solutions were prepared from multielement standard solutions 1000 µg L . 25 For the determination of metals in the fuels, 0.7417 g of B5, 0.7896 g of B100 Adt, and 0.7952 g of B100 were weighed and transferred to Teflon tubes with the addition of 5.0 mL of bidistilled nitric acid. The flasks were placed in a block digester (DAH-904, Berghof, Germany) with programmed temperature starting at 100 °C for 30 minutes residence time followed by 10 °C for 30 minutes up to 160 °C. The flasks were then cooled to room temperature, diluted with ultrapure water to 50 mL and analyzed by ICP-MS.
Statistical analysis
In order to verify significant differences in the pollutants concentrations emitted by biofuels (B100 and B100 Adt) and B5, the Student's t-test was applied with 95% confidence level considering: (H0) -there are no significant differences between the mean concentrations of the pollutants emitted; (H1) -there are significant differences between mean concentrations of the pollutants emitted.
Results and Discussion
Particulate matter
Higher PM concentrations were observed during the initial minutes of the engine operation, i.e., on the first 15 minutes (Table 1 ). This increasing of particle emission during the initial stages is probably due to engine being is still cold, therefore not operating in ideal conditions, resulting in an incomplete combustion.
The lowest PM concentrations were observed for B5 in all engine operation times (Table 1) . Differences statistically significant were obtained comparing B5/15 vs. B100/15, B100 Adt/60 vs. B5/60 and B100/60 vs. B100 Adt/60 (Tables S1, S2 , and S3, Supplementary Information). Another important finding was that oxidation processes reduced particulate emissions for all tested fuel. Overall, B100, which is the evaluated biofuel most susceptible to oxidation, emitted slightly less PM than B100 Adt. The explanation for this behavior may be the presence of more oxygenated compounds in B100 than in B100 Adt that yields more efficient burning. Student's t-test showed similarities between PM emissions from B100 vs. B100 Adt, except for B100/60. These results are consistent with studies of Yamane et al. 26 Application of the Student's t-test to the biofuels (B100 and B100 Adt) resulted in significantly different average concentrations, when compared to commercial diesel (B5), for PM emissions in the storage periods T1, T2 and T3 (Tables S1, S2 and S3, Supplementary Information). Vol. 28, No. 4, 2017 Several studies observed significant reductions in PM emissions comparing biodiesel binary blends to fossil diesel. Nevertheless, all of them reported that the operation conditions and engine characteristics should be considered for comparison of biofuels vehicle emissions.
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BTEX
The fuels presented different emission profiles for BTEX (Figure 2 ). At 15 minutes of engine operation, B100 and B100 Adt emitted more benzene and ethylbenzene and less toluene compared to B5. The results of the Student's t-test showed that emissions of benzene, toluene, and ethylbenzene from B100 and B100 Adt were not statistically different. These results were consistent for all sampling and storage times (Table S1 , Supplementary Information). The characteristics of the vehicle emissions of these pollutants are influenced by engine operational conditions (load, speed, and ignition temperature), quality and type of fuel. 17, 18 Previous studies showed that benzene emission is proportional to the addition of biodiesel in the fuel. Turrio-Baldassarri et al. 27 reported benzene emissions of 4.2 mg kW -1 h -1 for diesel and 6.8 mg kW -1 h -1 for B20. These results are in agreement with this study in which benzene emissions were slightly higher in B100 than in B5 in 15 and 60 minutes.
The results of BTEX emissions can be expressed as a ratio between aromatic compounds. In this study the ratios of xylenes/ethylbenzene for B5 ranged from 1.73 to 2.02 for the stored fuel and 1.33 and 0.91 for B5/30 and B5/60, respectively. The ratios found for the stored fuel are similar to those found around a petrochemical complex in two regions of São Paulo State (2.2 and 1.8). 28 The ratios benzene/ethylbenzene São Paulo State. These results are consistent with those found in the literature for binary blends of diesel/biodiesel, 1.88, 22 2.47 27 and 1.29.
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Studies showed that in general, regardless of biodiesel source, BTEX emissions of binary blends burning decrease compared to fossil diesel. 9 Similar results were observed in this study for emission of these pollutants and B5 emitted all the compounds. Previous studies showed that benzene emissions were higher for B100, while toluene emissions associated with diesel the engine operational conditions ( Table 2) . These profiles are similar to those found in this study.
Aliphatic hydrocarbons
The results found for the aliphatic hydrocarbons in this study are in agreement with the results reported in literature, where n-alkanes originated from fossil fuels present n-C < 23. At high temperatures, the n-alkanes with lower carbon number are present in the gaseous phase and they are associated to PM. 30 As expected, emission of these pollutants only occurred when the engine was powered with B5, as the fraction of fossil diesel is composed primarily by hydrocarbons (HC). Overall, studies show that regardless of biodiesel origin, HC emissions originated from the combustion of either B100 or binary blends decrease compared to pure diesel. 4, 31, 32 It can be explained by the higher oxygen content in the molecule, resulting in more available oxygen which contributes to a better combustion. Moreover, the emissions of HC can be influenced by the load engine conditions. 33 At high loads, there is an increase in emissions of these pollutants because the availability of oxygen decreases. In this study, biofuels were tested in an engine with no load, due to a greater availability of oxygen resulting in a lower emission of aliphatic HC.
Polycyclic aromatic hydrocarbons
The main PAH compounds found in the emissions for all fuels, samplings, and storage times were naphthalene (NAF), acenaphthylene (ACY), fluorene (FLU), phenanthrene (PHE), fluoranthene (FLU), and pyrene (PYR). In the gaseous phase, the most abundant were NAF and PHE, while in particulate phase the most abundant were PYR, PHE, and FLU. Concentration profiles showed similarity to a study performed with engine powered with diesel of low sulfur content. 22 Another similarity observed in this study was that gas phase emissions were higher than PAH emissions associated to PM (Figure 3) . 22 In general, PAH concentration profiles can be used to determine the contribution of the different emissions sources, such as fuel type. For instance, PHE is a marker for heavy vehicle emissions. Diesel vehicles are sources of low molecular weight PAH, while gasoline vehicles are a major source of high molecular weight PAH. 22 The presence of NAF and PHE in the combustion of B5 observed in this study was also found in the work of HE et al., 34 where they found the presence of PAH with 2 and 3 rings for diesel and binary mixture B20.
PAH in the gas phase showed the same profile of PM and BTEX, which have a tendency to decrease when the fuels were stored. The highest PAH concentrations were obtained on the first 15 minutes of engine operation, period characterized by incomplete combustion, while the lowest was measured in 60 minutes (Figure 3a) . As expected, emissions from B5 were higher than B100 and B100 Adt, which were similar to those obtained in the gaseous phase (Figure 3b ).
For PAH associated to PM, the most significant emissions were measured for B5/60 (Figure 3a) . For the PAH associated to gas phase, the most significant emissions were measured for B5/15 (Figure 3b) . These results were similar to those found by Karavalakis et al., 34 where higher PAH emissions occurred in the early stages when the engine is still cold. Furthermore, the quantity of unburned PAH must be higher during the initial part of the cold cycle.
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B5 produced higher levels of PAH during the cold phase than B100 and B100 Adt.
Aldehydes
In this study, the most abundant aldehydes were formaldehyde and acetaldehyde, as found in previous ones. These aldehydes were in high concentrations in B100 and B100 Adt emissions, except for the sampling period of 60 minutes, characterized by a complete combustion (Figure 4) . The oxidative stability of biodiesel is influenced by the unsaturation degree of the alkyl esters and the position of double bonds in the carbon chain. 23 Under this scenario, soybean biodiesel presents a profile that favors oxidation processes, due to the strong presence of unsaturation in the molecule. The more the degree of unsaturation increases, the more susceptible is the molecule to both thermal and oxidative degradation. 35 Biofuels do not present significant differences in acetaldehyde concentrations compared to B5, as corroborated by Student's t-test (Tables S2 and S3 , Supplementary Information). Regarding to formaldehyde, significant differences were obtained for B5/60 vs. B100 Adt/60, B5-T2 vs. B100 Adt-T2, and B5/30 vs. B100/30. Formaldehyde emissions were higher for biofuels. At the storage T1, the biofuels presented formaldehyde concentrations higher than B5 emissions. It can be explained by the oxidation and the auto-oxidation mechanisms, where the hydroperoxides are formed during the primary oxidation stage to decompose and form aldehydes and species with higher molecular weights. 15 The B100-T1, which did not have BHT antioxidant, should be the first to undergo oxidation. Therefore, the higher concentration of aldehydes in T1 is explained.
High temperature and exposure to the air are important factors that affect the stability of biodiesel. In urban environments, several studies report that the combustion processes are the main primary source of aldehydes. 36 Incomplete combustion of oxygenated mixtures in internal combustion engines results in the increase of primary emissions of formaldehyde and acetaldehyde. Photochemical processes associated with the decomposition organic species, e.g., HC, are important secondary sources. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The formaldehyde/acetaldehyde ratios were compared with those cited in the literature 37 and the results were consistent. The lowest average rate in this study was 0.7 for B5. This fact may be related to low sunlight, thus it does not present the secondary contribution of formaldehyde originated from photochemical reactions. The highest average ratio was 1.3 for B100 Adt, which may be related to sampling carried out in peak hours of solar radiation. Alvim et al. 38 reported ratios ranging from 0.7 to 1.7. According to Student's t-test results, no significant differences for these pollutants emissions were observed comparing B100 and B100 Adt. However, comparing the biofuels to B5, there were differences in formaldehyde emissions at 60 minutes (Tables S1, S2 , and S3, Supplementary Information).
Metals
Following the same parameters of the metals associated to the PM, the metal concentration profiles for B100, B100 Adt, and B5 fuels were determined by ICP-MS. The most abundant metals in biofuels were Fe, K, and Na, while in fossil fuel the major metals were Al, Cu, Ca, and Zn ( Figure 5 ). Regarding trace metals, Ni and Cr presented higher concentrations for B100, Pb and Mg for B5. Zn can be transferred during storage and transport and Cu is associated to the refining process. 39 The origin of other metals such as Al, Pb, and Mg may be related to engines and turbines wear. 40 Elements such as Al, Ca, Mn may be purposely added as additives to improve specific characteristics of the fuel. 41 Metals can also be incorporated into fuels and biofuels during the production process due to the presence of these elements in the refining, distillation, transport, and storage equipment.
The metal profiles associated to the PM were determined and evaluated according to the sampling time and the storage period. Mean concentration profiles, in µg m -3 , of the main metals of the biofuels B100 and B100 Adt are shown in Figure 6 .
According to the Figure 6 , the most abundant metals found in B100 and B100 Adt emissions were the same (Fe, Ca, K, and Na) found in the biofuels before the combustion. This fact corroborates with studies which claim metals in low concentration may reach the environment through combustion processes. 39 Regarding to B5, PM was rich in Ca, Na, and Zn. Among these metals, Ca and Zn were also abundant in the fuel. Studies report that the engine operational conditions can also influence metal emissions, since the engine at low loads can lead to an incomplete combustion or emit unburned fuels. That is the main reason for the high concentrations of metals, when the fuel itself is the major source. ) of formaldehyde and acetaldehyde considering operation time of the engine for the fuels B100, B100 Adt, and B5 for the periods of 30 and 60 minutes and storage periods of T1, T2, and T3 for B100, B100 Adt, and B5 sampled for 30 minutes. Figure 5 . Concentration profiles of the metals in biofuels B100, B100 Adt, and blends B5 (n = 1). Vol. 28, No. 4, 2017 Temperature and relative humidity During the burning of the fuels, the relative humidity inside the chamber was 31.9 to 36.2% for biofuels and 34 to 34.9% for B5. The temperature was slightly lower in the initial 15 minutes of engine operation for all fuels ( Figure S1 , Supplementary Information). This factor can influence the profile of pollutants concentrations.
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Conclusion
The viability profile of the use of biodiesel in diesel cycle engines without any modification was evaluated. Although most studies report PM emission reduction with the use of biodiesel, these concentration may be higher for biodiesel as shown in this study. The particles emissions from biodiesel compared to diesel may increase in low temperature engine operation. More oxygenated molecules can reduce particulate emissions when using biodiesel, but engine type, oilseed origin, biofuels physico-chemical characteristics, and engine operation conditions could also influence in the emissions. The hydrocarbons reduction with the use of both pure biodiesel and additivated biodiesel is evident, since only B5 presented xylenes and aliphatic hydrocarbons. Metals emissions, such as Fe, Ca, K and Na, are associated with the fuel and biofuel origins and production processes.
In spite of the limited number of data, it can be inferred that the impact of B100, B100 Adt emissions regarding organic pollutants were smaller than those caused by fossil diesel. In this context, the emissions from fossil diesel by diesel cycle engines were one of the main contributors to environmental degradation due to the large amount of pollutants emitted, including HC, BTEX, and PAH, which may cause damage to human health and the environment. Finally, this study corroborates with verified results obtained in other studies that used renewable fuels such as biodiesel.
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